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This  bulletin  is  a  progress  report  on  rice  experiments  conducted 
near  Cortena,  Colusa  County,  during  the  growing  season  of  1922, 
under  the  auspices  of  the  California  Agricultural  Experiment 
Station.*  The  experiments  were  devoted  entirely  to  cultural  problems 
on  old  land  and  had  mainly  to  do  with  control  of  water  grasses 
through  manipulation  of  irrigation.  A  small  beginning  was  also 
made  in  a  series  of  crop  rotation  and  other  miscellaneous  experiments. 
The  work  was  conducted  on  forty-five  acres  of  land  leased  from  the 
Esperanza  Land   Corporation  and  located  one-fourth  mile  east  of 


*  These  experiments  were  made  possible  through  a  special  allotment  of 
$10,000  provided  by  the  Legislature  of  1921  at  the  request  of  the  rice  growers 
of  the  Sacramento  Valley  made  through  the  California  Agricultural  Legislative 
Committee.  The  experiments  were  planned  and  supervised  by  the  following 
committee  appointed  by  the  Director  of  the  Experiment  Station:  Frank  Adams, 
chairman,  P.  L.  Hibbard,  J.  W.  Jones  (Superintendent  of  the  Biggs  Eice  Field 
Station  of  the  Bureau  of  Plant  Industry),  P.  B.  Kennedy,  W.  W.  Mackie,  C.  F. 
Shaw,  and  W.  W.  Weir.  Messrs.  J.  H.  Harland  of  Woodland,  O.  E.  Squires  of 
Willows,  and  H.  S.  Brink  of  Biggs  were  growers  appointed  by  President  Ealph 
P.  Merritt  of  the  Eice  Growers  Association  to  cooperate  with  the  Experiment 
Station.  Mr.  Bert  Anderson  and  Messrs.  George  and  Eaymond  Houx,  neighbor- 
ing rice  growers,  were  helpful  throughout  the  season.  Irrigation  water  was 
furnished  free  by  the  Glenn-Colusa  Irrigation  District. 

Since  the  work  reported  in  this  bulletin  gives  the  results  of  experiments 
during  one  season  on]y,  the  drawing  of  conclusions  is  postponed  until  the 
experiments  have  extended  over  a  longer  period. 
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Cortena  (fig.  1).  This  land  had  been  in  rice  for  the  four  previous 
seasons  and  was  considered  by  its  owners  too  foul  for  profitable 
culture  a  fifth  season. 

In  addition  to  the  experiments  at  Cortena,  P.  L.  Hibbard  made 
some  examinations  of  the  alkalinity  of  water  entering  and  leaving 
the  field  at  Cortena  and  rice  fields  at  several  points  in  the  valley,  and 
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Fig.  1. — Map  of  temporary  rice  experiment  station,  Cortena,  showing 
arrangement  and  location  of  plots. 


C.  F.  Shaw  and  assistants  began  a  study  of  the  effect  of  rice  growing 
on  the  physical  condition  of  the  soil.  Plans  were  also  made  by 
Hibbard  to  extend  his  investigations  to  include  the  effect  of  rice 
growing  on  the  chemical  and  bacteriological  condition  of  the  soil. 
Before  the  beginning  of  the  experiments,  and  as  an  aid  in  planning 
the  work,  W.  W.  Weir  made  a  reconnaissance  and  report  on  the 
general  soil  and  drainage  conditions  in  the  rice  areas  of  the  Sacra- 
mento Valley. 
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PREPARATION   OF   FIELD   AND   SEEDING 

With  the  exception  of  the  plots  which  were  to  have  no  seed  bed 
preparation,  all  plots  were  plowed  about  four  inches  deep,  double 
disced,  and  finally  "floated."  This  treatment  gave  an  excellent  seed 
bed.  The  standard  rate  of  seeding  was  150  pounds.  Two  plots, 
however,  received  200  pounds  per  acre  in  connection  with  a  cat-tail 
control  experiment.  An  excellent  quality  of  Early  Wataribune  seed 
was  used  throughout  the  field.  Plots  not  requiring  submergence  at 
a  later  date  were  planted  and  submerged  by  May  1. 


Fig.  2. — Rice  grown  under  continuous  submergence  method.  Note  freedom 
from  foul  growth  between  levees.  Payne  and  Dozier  ranch,  Princeton,  Cali- 
fornia, 1921. 


EFFECTS  OF  SEEDING  AND  SUBMERGENCE  ON  WATER-GRASS 

CONTROL 

Submergence  immediately  after  broadcasting. — In  these  experi- 
ments the  rice  was  broadcasted  and  left  on  the  surface  of  the  soil 
without  harrowing.  Water  was  then  turned  into  the  plots  and 
brought  to  the  required  depth,  which  was  maintained  throughout  the 
season.  The  plan  of  work  included  a  study  of  the  length  of  time 
taken  by  the  seeds  to  germinate  and  come  to  the  surface  of  the  water 
after  submergence,  and  of  the  effect  of  depth  of  submergence  on 
weed  control  and  on  the  yield  of  rice. 
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Weeds  began  to  appear  beneath  the  surface  of  the  water  within  a 
month  after  the  plots  were  submerged.  Ten  days  after  the  weeds 
were  first  noticed  a  scum  appeared  on  the  leaves  and  many  of  the 
plants  died. 

In  the  plots  submerged  eight  inches  no  "barnyard  grass"  (Echi- 
nochloa  crus-galli)  appeared  above  the  surface  of  the  water.  There 
was  a  scattering  of  barnyard  grass  in  the  plots  submerged  six  inches, 
while  a  considerable  quantity  of  grass  came  through  four  inches  of 
water.  Plots  submerged  two  inches  were  very  foul  with  barnyard 
grass.     Water  weeds  other  than  the  various  types  of  barnyard  grass 


f 


Fig.  3. — Beginning  of  submergence  of  rice  checks. 

were  not  controlled  by  continuous  submergence  to  any  extent. 
Figure  2  shows  a  field  on  the  Payne  and  Dozier  ranch  near  Princeton 
in  which  practically  all  foul  growth  was  eliminated  from  the  rice 
checks  in  1921  through  continuous  submergence  after  seeding. 

Broadcasting  in  water. — The  plots  in  these  trials  were  covered 
with  water  to  the  required  depth  and  the  rice  broadcasted  in  the 
water.  The  effect  on  weed  control  was  the  same  as  in  the  plots  sub- 
merged after  broadcasting. 

Submergence  immediately  after  drilling. — The  rice  in  these  plots 
was  drilled  about  one  and  one-half  inches  deep.  Water  was  then 
turned  into  the  plots  (fig.  3)  and  kept  at  the  required  depth  through- 
out the  season.  A  very  inferior  stand  of  rice  resulted,  along  with  a 
heavy  growth  of  the  annual  sedge,  which  aided  materially  in  reducing 
the  yield. 
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Submergence  following  germination. — The  rice  in  this  experiment 
was  drilled  about  one  and  one-half  inches  deep  and  irrigated  twice 
before  the  plants  were  an  inch  above  the  ground,  when  the  plots 
were  submerged  to  depths  of  four,  six,  and  eight  inches.  A  great  deal 
of  water-grass  came  through  the  water,  the  depth  seeming  to  have  no 
effect,  as  all  plots  were  equally  foul.  While  there  was  a  good  stand 
at  the  time  the  plants  were  submerged,  the  stand  at  maturity  was 
only  fair. 

EFFECT  OF  DATE   OF  SEEDING  AND   SUBMEEGENCE   ON 
WATER-GRASS    CONTROL   AND   RICE   YIELDS 

Four  dates  of  seeding  and  submergence  were  used  in  this  part  of 
the  experiments,  viz.,  April  15,  May  1,  May  15,  and  June  1.  All  plots 
were  broadcasted  and  immediately  submerged  after  seeding  to  a  depth 
of  six  inches.  The  plots  seeded  early  gave  distinctly  better  yields, 
little  difference,  if  any,  being  noted  in  water-grass  control.  Results 
as  to  yields  are  presented  in  detail  in  the  following  table : 

TABLE  2. 

Summary  Showing  Results  of  Experiments  on  the  Date  of  Seeding  and 
Submergence  of  Rice;  Submergence  6  Inches  Deep 


Plots 

Date  of  seeding 
and  submergence 

Total  area, 
acres 

Total  yield, 
pounds 

Yield  per 
acre,  pounds 

Date  of 
maturing 

1,20 

6,19 

14,  16 

13,17 

April  15 
May  1 
May  15 
June  1 

2.07 
2.75 
1.69 
1.93 

7584 
7037 
4475 
3994 

3664 
2558 
2648 
2069* 

Sept.  24 

Sept.  27 
Oct.  2 
Oct.  9 

*  Straw  short  and  heads  with  many  blanks. 


MISCELLANEOUS  EXPERIMENTS 

In  all  the  plots  concerned  in  these  experiments  submergence  was 
completed  by  May  1. 

Cat-tail  control  by  heavy  seeding. — Seeding  at  the  rate  of  200 
pounds  per  acre  resulted  in  very  heavy  stands.  Cat-tails  were  not 
controlled  by  this  method,  however,  and  the  stand  was  too  thick  for 
maximum  yields.  The  straw  and  the  heads  were  very  short,  though 
the  heads  were  well  filled. 
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Seed  broadcasted  on  stubble. — Poor  stands  resulted  from  this  treat- 
ment. The  straw  and  heads  were  short,  and  weeds  other  than  barn- 
yard grass  were  very  thick.  Cat-tail  growth  was  much  heavier  in 
these  plots  than  in  the  rest  of  the  field. 

Seed  broadcasted  in  water  on  rice  stubble. — The  results  from  this 
treatment  were  very  similar  to  those  from  the  other  plots  that  were 
not  plowed,  the  cat-tail  and  weed  growth  being  quite  heavy  and  the 
yield  of  rice  low. 

Cat-tail  control  by  pulling  and  cutting. — With  the  exception  of 
plot  No.  61,  the  cat-tails  were  all  cut  or  pulled  by  July  15,  and  were 
not  cut  again  during  the  season.  The  cat-tails  in  plot  No.  61  were 
cut  during  the  first  week  in  August  and  were  not  cut  again.  This 
method  was  used  to  determine  whether  the  later  cutting  of  cat-tails 
would  have  any  effect  in  delaying  the  growth  during  the  last  of  the 
season.  It  was  found  this  year  that  the  cat-tails  were  as  thick  at 
harvest  time  in  plot  No.  61  as  in  the  rest  of  the  field.  During  the  latter 
part  of  July  and  the  first  of  August  the  rice  began  to  go  into  the  boot 
and  tramping  of  the  rice  plants  at  this  time  undoubtedly  caused 
considerable  injury.  The  cost  of  pulling  cat-tails  over  the  entire  field 
amounted  to  $3.48  per  acre.  The  cost  for  pulling  and  cutting  on  land 
that  was  not  plowed  amounted  to  approximately  $5  per  acre. 


TABLE  3 

Summary  of  Results  of  Miscellaneous  Experiments 


Plots 


Treatments 


Total 
area, 
acres 


Total 
yield, 
pounds 


Yield 
per  acre, 
pounds 


61 
2,5 

15,21 

12,  18 

22  to  30 


Broadcasted  then  submerged  6  inches.  Used 
to  determine  proper  time  to  pull  cat-tail 

Broadcasted  at  rate  of  200  pounds  per  acre  and 
submerged  6  inches.  For  prevention  of  cat- 
tail growth 

Submerged  6  inches  after  broadcasting  on 
stubble 

Submerged  rice  stubble  6  inches.  Broadcasted 
in  water 

Broadcasted   and   immediate    6-inch    sub- 
mergence  


1.72 


1.58 


1.43 


1.56 


4.38 


4971 


3166 


2471 


1777 


10136 


2857 


1994 


1728 


1139 


2312 
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WATEE  AND  SOIL  ANALYSES 

P.  L.  Hibbard  furnished  the  preliminary  report  of  his  studies  of 
the  rice  soils  and  irrigation  water : 

Analyses  of  Waters 

Small  samples  of  the  water  from  the  canal  intake  and  from  the 
outlet  were  taken  daily  and  placed  in  large  bottles.  A  portion  was  then 
taken  out  for  analysis.  These  composite  samples  show  little  change 
throughout  the  season.  All  of  them  are  of  excellent  quality  for  irriga- 
tion. There  was  a  little  increase  of  soluble  matter  in  the  intake  water 
during  the  latter  part  of  the  season.  The  drainage  water  contained 
most  soluble  matter  in  the  early  part  of  the  season,  when  it  held  20 
to  30  per  cent  more  than  the  intake  water.  It  is  presumed  that  this 
increase  of  soluble  matter  during  the  passage  of  the  water  through 
the  field  is  caused  by  absorption  from  the  saline  soils  over  which  it 
flowed.  In  the  latter  part  of  the  season  after  the  available  salts  had 
being  taken  up,  the  drainage  water  was  almost  exactly  the  same  as 
the  intake  water  in  both  composition  and  concentration. 

Somewhat  random  samples  were  taken  from  nearby  ranches  at 
various  times. 

Analyses  of  samples  taken  from  the  intake  and  drain  on  the 
Forgues  place,  June  23,  showed  the  drain  water  to  contain  two  to  three 
times  as  much  saline  matter  as  the  intake  water.  Samples  were  again 
taken  from  the  same  field  July  14  and  August  9.  The  drain  water 
then  contained  eight  to  nine  times  as  much  mineral  matter  as  the 
intake,  the  intake  in  both  cases  being  much  like  that  at  Cortena. 

On  the  Spalding  ranch  the  same  conditions  prevailed  in  the  early 
part  of  the  season  as  on  the  Forgues  place.  However,  during  the 
latter  part  of  the  season  the  waters  on  the  Spalding  ranch  were  nearly 
like  those  at  Cortena. 

The  water  obtained  from  the  intake  on  the  Hardin  field  on 
August  9  was  good,  but  the  drain  water  carried  seven  to  ten;  times 
as  much  mineral  matter  as  the  intake  water. 

To  summarize,  it  may  be  said  that  when  the  land  is  free  of  alkali, 
there  is  little  change  in  the  water  produced  by  passing  over  the  rice 
fields,  but  when  the  soil  contains  soluble  salts  or  alkali  some  of  this 
matter  is  carried  away  in  the  drainage.  How  much  goes  into  the 
subsoil  is  not  known. 
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Analyses  of  Soils 

None  of  the  after-harvest  samples  of  soil  have  been  examined,  so 
it  is  impossible  yet  to  say  what  effect  has  been  produced  by  the  water 
used  in  rice  culture. 

The  soil  samples  taken  before  planting  showed  great  variation  as 
to  alkali  and  salts.  One  hole  on  new  soil  (never  flooded)  showed  very 
little  alkali,  two  other  holes  had  injurious  amounts,  but  not  as  much 
as  some  holes  on  the  old  rice  land  in  plot  25.  Most  of  this  plot  was 
quite  strongly  saline  and  somewhat  alkaline.  In  general,  the  con- 
centration was  higher  at  the  third  and  fourth  foot  below  than  at  the 
surface.  Two  holes  were  taken  down  to  twelve  feet  and  showed  much 
the  same  throughout.  On  plot  58,  there  was  much  less  alkaline  and 
saline  matter  in  most  places,  but  considerable  quantities  still  remain 
in  the  third  and  fourth  foot.  In  two  holes,  carried  down  twelve  feet, 
there  were  considerable  quantities  in  all  samples  below  the  second  foot. 

From  these  statements,  it  is  evident  that  rice  culture  on  this  ground 
during  four  preceding  years  has  not  yet  removed  enough  of  the  alkali 
to  make  the  soil  safe  for  sensitive  crops. 


Physical  Soil  Studies 

Chas.  F.  Shaw  furnished  the  preliminary  report  on  the  investiga- 
tion of  the  physical  condition  of  these  soils : 

Samples  of  soils,  representing  the  Willows  clay  loam,  Willows  clay 
and  Stockton  clay  adobe,  were  secured  from  the  Colusa  and  Butte 
Basins  and  preliminary  studies  were  made  of  their  physical  char- 
acteristics. The  samples  for  each  soil  represented  relatively  uniform 
soil  conditions,  but  were  taken  from  adjacent  fields,  one  of  which  had 
been  in  rice,  the  other  in  pasture,  grain  or  other  crop. 

In  none  of  the  tests  made  was  there  any  definite  or  consistent 
indication  of  changes  due  to  the  submergence  incident  to  rice  culture. 
The  moisture  equivalent  (water  held  by  the  soil  against  a  force  of 
1000  times  gravity)  and  the  hygroscopic  coefficient  (water  absorbed 
from  a  saturated  atmosphere)  show  very  slight  variations.  The 
content  of  organic  matter  was  fairly  uniform  throughout  all  the 
samples,  the  total  variation  being  less  than  one  per  cent.  Tests  of 
the  volume  weight  likewise  showed  no  definite  change  due  to  rice 
culture. 
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In  measuring  the  degree  of  contraction  that  occurs  when  the  soils 
are  dried  it  was  found  that  in  the  case  of  the  Willows  clay  loam  and 
clay  the  rice  soils  contracted  considerably  more  than  did  the  similar 
soils  that  had  been  in  pasture.  The  Stockton  clay  adobe  from  the  rice 
experiment  station  at  Biggs  gave  opposite  results,  the  shrinkage  of 
the  soils  from  the  rice  plots  being  not  over  three-fourths  as  great  as 
that  from  the  soil  from  a  lawn.  On  comparing  the  relation  between 
the  loss  of  water  and  the  decrease  of  volume  due  to  drying,  it  is 
found  that  the  Stockton  clay  adobe  which  had  been  in  rice  lost  two 
grams  of  water  for  each  cubic  centimeter  of  volume  contraction, 
while  the  soil  from  the  lawn  lost  only  one  and  one-half  grams  per  cubic 
centimeter  contraction.  The  smaller  amount  of  shrinkage  in  the  case 
of  the  soils  that  were  in  rice  is  apparently  due  to  the  presence  of  con- 
siderable amounts  of  undecayed  rice  roots,  which  served  to  give  the 
dried  soil  a  more  open  and  porous  character. 

At  the  close  of  the  season  of  1922  a  large  number  of  soil  samples 
were  secured,  representing  soils  that  had  been  in  rice  from  one  to 
nine  years,  and  similar  soils  never  in  rice.  More  complete  and  exten- 
sive studies  are  now  under  way  to  determine  whether  or  not  any 
consistent  differences  in  the  physical  condition  of  these  soils  have 
developed  as  a  result  of  rice  culture. 

EICE  WEEDS 

Pictures  of  nine  different  weeds  found  in  the  rice  fields  in  1922, 
partly  at  Cortena  and  partly  on  other  fields  in  the  valley,  together 
with  brief  descriptions,  are  shown  in  the  following  pages,  figures 
4  to  13. 
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Fig.  4. — Tules  (Scirpus  occidentalis) .  Not  especially  thick  in  rice  fields.  Often 
found  in  irrigation  and  drain  ditches.  Grows  four  to  fifteen  feet  high.  Seed 
matures  latter  part  of  August.  Difficult  to  control  although  many  growers  have 
been  successful  with  summer-fallow. 


Fig.  5. — Spike  rush,  also  known  as  "wire  grass"  (Eleocharis  palustris). 
Found  in  eorners  of  checks,  ditches,  and  fields  not  properly  plowed.  Grows 
twelve  to  eighteen  inches  high.  Matures  seed  in  July.  Not  controlled  by 
continuous  submergence. 
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Fig.  6. — Keel  stem  (Ammania  coccinea).  Found  in  rice  fields  generally  where 
there  is  a  thin  stand  of  rice.  Grows  from  six  inches  to  three  feet  high.  Matures 
seed  from  September  30  to  October  30.  Not  controlled  by  continuous  sub- 
mergence. 


Fig.  7. — Water  grass  or  barnyard  grass  (Echinochloa  crusgalli).  Found  in 
all  parts  of  the  rice  area.  Probably  the  most  troublesome  weed.  Grows  from 
one  to  six  feet  high.  Various  types  mature  seed  from  June  25  to  October  25. 
Kesults  in  1922  indicate  that  continuous  submergence  after  seeding  will  control 
this  weed. 
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Fig.  8. — Umbrella  plant,  perennial  form  (Cyperus  virens).  This  form  of  the 
cyperus  family  is  seldom  harmful  except  in  unplowed  places  near  the  rice  fields. 
Grows  from  one  to  two  feet  high.  The  seed  matures  the  latter  part  of  August. 
Can  be  satisfactorily  controlled  by  plowing. 
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Fig.  9. — Umbrella  plant,  sometimes  known  as  "annual  sedge"  {Cyperus 
difformis).  This  weed  was  very  troublesome  at  Cortena  and  several  other 
places  in  the  rice  area.  It  was  exceptionally  thick  in  places  where  the  stand 
of  rice  was  thin.  Seldom  grows  over  eighteen  inches  high.  Can  probably  be 
held  in  check  by  heavy  seeding.  The  seed  matures  the  first  part  of  August. 
Not  controlled  by  continuous  submergence. 
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Fig.  10. —  Crab  grass  (Syntherisma  sanguinalis) .  This  is  a  common  grass  on 
ditch  banks  and  levees.  It  grows  one  to  two  feet  high.  The  seed  matures  the 
latter  part  of  August.     Not  especially  troublesome  in  the  rice  fields. 


Fig.  11. — Smart  weed  (Polygonium  lapatliif olium) .  This  weed  is  not  par- 
ticularly troublesome  in  the  rice  fields  at  present.  It  is  often  seen  in  the 
irrigation  and  drain  ditches.  Grows  about  two  feet  high.  Matures  seed  the 
latter  part  of  August. 
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Fig.  12. — Cat-tail  (Typha  latifolia).  Sometimes  confused  with  "tule."  This 
perennial  plant  is  becoming  a  more  serious  pest  each  year.  The  plant  grows 
from  four  to  twelve  feet  high.  Seed  matures  the  latter  part  of  September. 
Summer-fallow  has  proved  helpful  as  a  means  of  control. 


■ 

Fig.  13. — Slender  aster  (Aster  exilis).  This  weed  grows  mainly  in  abandoned 
rice  fields  and  in  producing  fields  that  have  not  been  properly  plowed.  Grows 
from  two  to  four  feet  high.     Can  be  controlled  by  plowing. 
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